Abstract. The old order of magnitude argument stating that physics from Planck scale is out of experimental reach has been reconsidered in recent years in the light of current astrophysical and high precision tests indicating possible enhancement of the otherwise tiny quantum gravity effects. Nowadays it seems feasible to probe and discard effects associated with some simplified models and situations describing the space time structure at Planck length by these means. In this work we intend to survey contributions that have been developed by at least one collaborator researcher working in México, but showing them within the whole framework of the field. The corresponding list of works start from Ref.
INTRODUCTION
Nowhere is the appreciation of the microstructure of spacetime more deeply underlined than in the 1967 paper of J.A. Wheeler [1] Accordingly, most quantum gravity proposals suggest that our notion of space-time as a continuum needs to be revised at short distances (high energies) of the order of the Planck length P ≈ 10 −33 cm (Planck mass, M P ≈ 10 19 GeV). The notion of spacetime as a continuum has been successfully probed up to energies even much lower than those of the standard model of particle physic, namely ≈ 10 3 GeV. Clearly there is plenty of room for modifications of our generally accepted ideas of space-time to take place. Following Wheeler, the microscopic features of space-time have been referred to as foam space-time generically. Describing these features should be intimately related to the time honored problem of finding a consistent unification of gravity and quantum mechanics. Two of the efforts actively pursued are loop quantum gravity (LQG) [2] and string theory [3] , among others lines of research (e.g. [4, 5] ). In any case, a complete quantum gravity theory must contain, as a limit, the standard notion of space-time at macroscopical length scales, thus being consistent with the tests of classical Einstein gravity well established by now.
A physically crucial question is to investigate whether or not such short length (high energy) foamy features leave any imprint in the dynamics of particles at standard model energies, which we could detect with present day technology and observational sensibilities. This question has been answered in the positive, thus opening the possibility to provide observational guidance to the construction of quantum theories of gravity.
Phenomenologically, just as matter propagating in a medium probes its properties, the microstructure of spacetime may become evident for travelling matter in what we would classically recognize as smooth spacetime. As opposed to a material medium, spacetime is not embedded in something else but is instead the arena of any physical process. Thus this idea already reveals potential non trivial difficulties both technical and conceptual that at the same time make the problem rather appealing.
While traditionally it has been taken for granted that Planck scale phenomena are simply out of reach from present experiments and/or observations, astrophysical say, recent investigations point out this not necessarily the case. Indeed a whole line of research based on it has developed under the name of Quantum Gravity Phenomenology (QGP). It is meant to use current and future experiments/observations to investigate different quantum gravity proposals [6, 57, 7, 58] . Such efforts are partially given in [8, 9] . Progress in this direction lies along the lines of posing physical quantitative questions that were formerly considered uninteresting. Hence QGP has made advances in restricting the different parameters encoding some simplified situations capturing the modifications induced at standard model energies. In some quantum gravity approaches like LQG there still remains open the problem of calculating such modifications to matter dynamics in a rigorous semiclassical approximation. Once this gap is filled one could really test theories with observations. In the present work we adopt a heuristical approach as a starting point in order to convey the idea of what a semiclassical limit in LQG might yield as what we perceive as flat spacetime macroscopically. This will allow us to describe the evolution of the subject and in particular to identify contributions from researchers in Mexico.
As in any field under construction there are alternative points of view and QGP is not an exception. There is the question of whether or not the spacetime foam will yield a modified matter dynamics at standard model energies or even lower enough energies. If any modifications arise, the effects should not be too big, otherwise we would already have noticed them. Also we expect them not to be very small so that they would we be out of the capability of really constraining possible theories through their detection. Now, most of the modifications that have been considered can be characterized by not preserving the standard local Lorentz covariance (LC): one class alluding to preferred reference frames and another to deformed/extended Lorentz Covariance.
Nevertheless the possibility is not automatically excluded that standard local Lorentz Covariance still holds in spite of whatever foam structure of spacetime we have at Planck scale. For instance this has been argued to be the case within LQG in regard to the discreteness of geometric quantities like areas or volumes just like the discrete spectrum of angular momentum is compatible with invariance under the continuous rotation group [10] or as in the case of causal sets approach to quantum gravity where discreteness is the starting point to approximate a smooth manifold at large scales [4] .
The possibility that matter dynamics corrections do not respect local LC have been considered as follows:
(i) A phenomenological parameterization within the standard model was put forward in [11] . A more comprehensive analysis of all possible corrections terms, according to the dimensionality of the corresponding Lorentz invariance violating (LIV) operators, which are assumed to arise via a spontaneous Lorentz symmetry breaking of string theory, has been put forward [12] . These vacuum expectation values define a set of preferred frames, called concordant frames [13] , in which the LIV terms can be maintained appropriately small when going from one frame to another via a passive (observer) Lorentz transformation. This is analogous to the description of atomic phenomena in the presence of an external magnetic field, where rotational invariance is broken by active (particle) transformation. Nevertheless, one can rotate the apparatus and perform the experiment in the presence of the rotated external field. The Standard Model Extension (SME) [14] belongs to this class and it has succeeded in accommodating experimental data gathered since 1960 [15] regarding isotropy of space, transformations among inertial frames and the validity of the discrete transformations C, P and T and combinations thereof [18] . The SME has been recently generalized to incorporate gravity [19] . More recently LIV models based upon dimension five operators have been constructed [20] and thoroughly analyzed in [21, 22] . Within the approach (i) we find also direct extensions of Dirac and Maxwell equations incorporating modifications which go beyond effective field theories [70] . An alternative approach to LIV via spontaneous symmetry breaking can be found in Ref. [23, 24] .
(ii) Dynamical corrections have also been argued to admit a description in terms of an extension or deformation of the standard Lorentz relativity principle [25, 26, 27, 28, 29, 30] , however fundamentally connected to quantum aspects of gravity for example as an effective field theory description of quantum general relativity [31, 32] , non-critical string theory [33, 34, 35] or LQG [36, 61, 62, 63, 113, 117, 37] . Yet alternative views to account for dynamical modifications can be found in Ref. [38, 89, 99, 100, 101, 102, 103] .
Corrected dynamics could be easily recognized through modifications to particle dispersion relations, say for fermions and photons,
Here E QG denotes the scale where quantum gravity effects become relevant, which is usually taken as the Planck energy and ξ , η R,L are dimensionless parameters for different particles to be determined from specific models and contrasted with observations which provide bounds for them. The connection of these modifications with gravity and possible astrophysical observations in Gamma Ray Bursts was advanced in [39] . Such corrected dispersion relations yield a time delay ∆t between two photons having an en-
The suppressive effect of E QG here can be compensated by selecting large energy differences or, even better, cosmological distances L [39] . The orders of magnitude L ≈ 10 10 l.y., ∆E ≈ 20 MeV, E QG = 10 19 GeV, ξ ≈ 1, lead to ∆t ≈ 10 −3 s, which is within the range of sensitivities δt in actual and forthcoming gamma ray bursts (GRB) observations. In order to measure such effect it is necessary that δt < ∆t. Future planned observations of GRB at cosmological distances having well determined red shifts z, together with greater sensitivities ranging form 10 −6 s (RHESSI: Reuben Ramaty High Energy Solar Spectrometer) to 10 −7 s (GLAST: Gamma Ray Large Area Telescope ) will allow a substantial increase of such bounds. The fireball model of GRB emission [40, 41] predicts also the generation of 10 5 − 10 10 GeV neutrino bursts which will be detected by observatories like NUBE (Neutrino Burst Experiment), OWL (Orbiting Wide-angle Light collector experiment) and EUSO (Extreme Universe Space Observatory), for example. This will open up the possibility of using such particles, some times detected in coincidence with the respective photons, to set further bounds upon the quantum gravity scale E QG . Soon after the proposal of Ref. [39] , an effective electrodynamics was put forward within LQG leading to dispersion relations (1) and having the form [36] ∇
Additional bounds upon the parameters describing the quantum gravity induced modifications have been obtained by incorporating the dynamics through the SME or similar constructions. In particular, the topics of Lorentz and CPT violations have been thoroughly studied in low energy physics via theory and experiments related to: Penning traps, clock comparison measurements, hydrogen-antihydrogen studies, spin polarized dispersion and muon experiments, among others subjects [42] .
Finally we mention the use of astrophysical phenomena to discuss such modified theories. Distinguished examples are the bounds imposed by polarization measurements from astrophysical sources [43] , the study of ultra high energy physics processes, among them cosmic rays, [44, 45, 46, 48, 49] and the consequences of the detected synchrotron radiation from the Crab nebulae, as well as that from other objects [21, 22, 69] . For recent reviews about such topics see Ref. [50] .
HEURISTICAL APPROACHES AND SEMICLASSICAL STATES.
The possibility of exploring the fuzziness of space-time via either terrestrial experiments or astrophysical observations was added to the list of experimental tests related to the interface of quantum and gravitational realms in Refs. [39, 6] and further emphasized in [57] . One of the proposed manifestations of such space-time fluctuations was a modification or deformation of the standard particle dispersion relations yielding, for example, an energy dependent photon velocity. Soon after these works, the first heuristic derivation of a quantum gravity induced modified Hamiltonian for Maxwell equations in a Loop Quantum Gravity inspired description of Einstein-Maxwell theory was reported in [36] . This sparked a great deal of interest and it was subsequently followed by generalizations to the fermionic case [63, 61] , further elaborations in the Maxwell case [62, 59] and the first steps towards the Yang-Mills case [60] . The idea behind all these heuristic derivations starts from the corresponding well defined operators in the quantum theory [51] and relies in the construction of quantum gravity semiclassical states which approximate a given geometry at macroscopical distances while retaining their quantum granular structure at scales of the order of the Planck length. Since those states were not known, their expected properties were postulated and estimations of the required expectation values were performed. Accordingly, this procedure left overall dimensionless coefficients undetermined. Furthermore, extracting the dynamics is a precess less clear to develop due to the known difficulties with time evolution, see for instance [94] .
The construction of such semiclassical states is still an open problem in canonical quantum gravity [37, 64] and the main difficulty resides in going from the kinematical to the physical Hilbert space. Recent progress in such construction has been made using the group averaging technique in the case of quantum Bianchi I cosmology [67] , in systems with linear and quadratic constraints [65] and in statistics of combinatorial Riemann geometries [66] .
MODIFIED DIRAC EQUATION
The Hamiltonian found in Ref. [61] adapted for two components fermions was obtained under the assumption of flat space isotropy and it was assumed to account for the dynamics in a preferred reference frame, identified as the one in which the Cosmic Microwave Background looks isotropic. The earth velocity w with respect to that frame has already been determined to be w/c ≈ 1.23 × 10 −3 . Thus, in the earth reference frame one expects the appearance of signals indicating minute violations of space isotropy encoded in the diurnal variation of the w-dependent terms appearing in the transformed Hamiltonian or Lagrangian. On the other hand, many high precision experimental test of such variations, using atomic and nuclear systems for example, have been already reported in the literature [15] and already analyzed in terms of the Standard Model Extension. Amazingly enough, such precision is already adequate to set very strong bounds on some of the parameters arising from the quantum gravity corrections. The case of a non-relativistic valence nucleon was considered in clock comparison experiments with pairs like ( 21 Ne, 3 He) [16] and ( 129 Xe, 3 He) [17] . Stringent bounds of the order 10 −9 for the correction terms which involve the coupling of the spin to the CMB velocity and of the order 10 −5 for those describing a quadrupolar anisotropy of the inertial mass [72, 73, 74] were obtained. Similar analysis was applied to some string theory inspired quantum gravity models described in terms of an induced metric originating from the recoil velocity of topological defects called D-particles, which fill our universe, colliding with standard particles [34] . The bounds M D ≥ 10 5 M P and v D ≤ 10 −27 c were found for the mass and recoil velocity of the D-particle [73] . A proposal for modifying the Dirac equation by adding a second-order time derivative term, which predicts a modified Larmor frequency when the particle is minimally coupled to electromagnetism, was presented in [71] . Experiments related to the spreading of wave packets, scattering of electrons from an spherical symmetric potential and measurements of energy differences in silver atoms were also proposed to bound such correction.
MODIFIED ELECTRODYNAMICS
The study of radiation in LIV electrodynamics constitutes an interesting problem on its own whose resolution will subsequently allow the use of additional astrophysical information to put bounds upon the correction parameters. The observation of 100 MeV synchrotron radiation from the Crab Nebula has been used to impose stringent limits upon the parameters describing a quantum gravity inspired modified electrodynamics together with the corresponding coupled equations for the charges [21, 22] . Such bounds were based on a set of very reasonable assumptions on how some of the standard results of synchrotron radiation extend to the Lorentz non-invariant situation. This caused some controversy in the literature [52] . Moreover, an assessment of such assumptions requires the introduction of specific dynamical models. One of them is the Myers-Pospelov effective theory at the classical level, which parameterizes LIV using dimension five operators Ref. [20] . A detailed description of synchrotron radiation in this model has been presented in Ref. [69] . Subsequently, an unifying point of view was adopted by describing models with linear and quadratic correction terms in the Lagrangian via constitutive relations in Maxwell equations. The effective description corresponds to an electrodynamics in a birefringent dispersive and absorptive non-local medium [68] . Also, a general phenomenological framework for extending electrodynamics, based solely upon the equations of motion, which includes LIV as well as charge non-conservation has been reported in [70] . These additional parameters cannot be probed by optical experiments but can be subjected to experimental constraints by exploring the electromagnetic field created by a point charge or a magnetic dipole.
RADIATIVE CORRECTIONS
Most of the quantum gravity inspired correction to the dynamics have been studied in the non-interacting theory and arise through factors of the type (E/M P ) ϒ , which are directly relevant at unaccessible energies E ≈ M P . An alternative possibility of probing such high energies is through the inclusion of radiative corrections (particle's self energies, for example), because the internal momenta are integrated up to the maximum allowed in a given reference frame. The standard folklore with respect to any new physics entering at high energy scales (here Planck scale) via an effective low energy field theory is that such scales should have negligible effects upon the leading-order low-energy physics (here free particle corrections). Contrary to this belief, the first indications that this is not necessarily true in the LIV case appeared in [20] , where a specific form of the coupling was proposed in order to avoid such contributions. Subsequently it was shown that the proposed cure did not survive higher orders in perturbation theory [98, 96] . The fact that LIV induced by modelling space granularity via the introduction of a physical cutoff, which defines a preferred reference frame, adds a new item to the list of finetuning problems in high energy physics, leading to unsuppressed dimension four LIV contributions, was finally recognized in [97] . To this end the calculation of one-loop radiative corrections in the Yukawa model
was considered. Here LVT refers to the highly suppressed zeroth order Lorentz violating terms that take into account the previously discussed free particle dynamical modifications. The space granularity was modelled by introducing a physical cut-off Λ in such a way that the magnitude of the three-momentum in any loop is bounded by this quantity. The parameter Λ defines the onset of the scale at which the granularity of space becomes manifest. A convenient way of incorporating this requirement is to introduce the physical cutoff function f (|k|/Λ) with f (0) = 1, f (∞) = 0 , which suppresses the internal momenta having |k| ≥ Λ. The one-loop calculation of the boson self-energy Π(E, p, Λ) produces a finite contribution
where W µ is the four-velocity of the frame in which the momentum cut-off Λ is defined. Using standard model couplings the coefficient is estimated in the range η RC ≥ 10 −3 . On the other hand, η RC can be interpreted as a correction δ c to the boson (photon) speed, for which extremely tight bounds exists: η RC /2 = δ c/c =≤ 10 −20 . Similar results are found in the calculation of the fermion self-energy. These expected sizes are in extreme contrast to the measurements limits and pose serious problems for the preferred frame interpretation of the possible quantum gravity induced dynamical modifications [97, 92] . On the other hand, some mechanisms to evade the naturalness problem for LIV have been proposed. Supersymetry, with only the unbroken translation subalgebra, has been considered as a custodial symmetry to protect Lorentz symmetry, which works at the one loop order [53] . Also, regularization alternatives which continuously interpolate between LIV and LI, depending only on one parameter, and which produce correct order of magnitude predictions for maximal attainable particle velocities has been proposed in Ref. [47] . This parameter can be estimated using data from the Ultra High Energy Cosmic Ray spectrum, which flux has been also successfully explained in the region of the current AGASA data using LIV ideas [48] .
EXTENDED RELATIVITY
An alternative way of incorporating Planck scale corrections to standard particle dynamics has been proposed under the name of special relativity with two or three invariant scales (called Double or Triple special relativity in the literature), which are expected to replace Special Relativity at ultra-high energies and which should be regarded as the flat space semiclassical limit of gravity . The basic idea is to incorporate additional observerindependent scales, besides the velocity of light, into a relativity principle relating the physics observed in different inertial frames, by extending (deforming) the Lie algebra of the Lorentz group. This has the advantage of avoiding preferred frames and the situation is similar to the transition from Galilean to Lorentz relativity: the number of generators is the same, but the Lie algebra gets modified, the transformation laws pick up the additional parameters and the standard kinematical relations get modified accordingly [25, 26, 27, 28, 29] . Initially the deformation of the Poincare-Heisenberg algebra was performed in terms of non-linear realizations, which poses many unanswered questions regarding the operational interpretation of the involved operators in the light of their modified commutation relations, mainly in relation with the phase space interpretation of the theory, as well as with the many particle sector [87, 86, 85, 88] . A change in perspective has arisen motivated by the work of Ref. [90] showing that an appropriate redefinition of the generators together with a deformation of the central charges allow to cast the non-linear algebra of Triple Special relativity [27] in a linear (i. e. Lie) form. The resulting Lie algebra is a stable form proposed previously in the literature [30] . This has further motivated the use of Lie algebra deformation theory to the problem of identifying the stable form of the quantum relativistic kinematical algebra. The most general unique stable extension of such algebra allows the identification of two additionally invariant length scales [91, 89] . Some interpretational issues still remains and the physical consequences of this approach deserve to be explored.
DISPERSION RELATIONS AND MODIFIED HEISENBERG ALGEBRA
Possible manifestations of the modified dispersion relations associated to quantum gravity effects has been explored mainly in connection with photons in different interferometric experiments [75, 76, 77] and also in the context of finite temperature by determining the induced corrections to Planck, Boltzmann and Wein radiation laws, together with the modifications to the equation of state of the black body radiation [78] . The idea that quantum measurements in the Planck realm necessarily alter the local space-time metric in a manner that destroys the commutativity of the position measurements of two different particles was presented in Ref. [54] . This noncommutativity easily extends to measurements of different components of the position vector of a single particle and modifies the fundamental commutators of the Heisenberg algebra [82] . Alternative arguments motivating such modifications arise in string theory [55] and also from the existence of an upper bound for proper acceleration [56] , for example.
Consequences of these gravitationally modified expressions for the wave particle duality have been further studied in relation to the early universe [81, 83] ; in the case of quantum electrodynamics [79] and in the propagation of a particle in an external gravitational field [80] .
In closing, and due to lack of space, we only mention some interesting related problems such as: alternative proposals to explore quantum gravity phenomenology [99, 100, 101, 104] , the issue of time in quantum gravity [105, 106, 107] , the quantum ambiguities arising in symplectic quantization [108] and quantum measurements in the context of the κ-Poincare group [109] . Finally some review articles can be found in [110, 111, 112, 113, 114, 115, 116, 117, 118, 119] .
